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Expression of single-chain antibody fraimienf « < civ , •« . 
necrotic yellow vein virus coat orotein ,5 V^n ' !S . pct ' ,hc ,or beet 
and Mcotiana bcnlhalnZa ? ' proleln in ^cherivhia eoli 

KeemoJ 1 1 An„| l-Wh: ,,, M11 al i„ ,wi, A | ,,„,„ ,., s. ,, (0 , n , v , ,.,.,„ 

- — , 

ol scFv into the culoplasmie reticulum ' P " ,(,hcmi '^ llJ "»'" *i*n,.l peptide, tasting 

Abstract 

£s5^ * ,,,. mA , Muh<c , 

•He pOOCK ,cc,or and expressed ,s ^ , k t n' "T^T ' « ™ » were cloned into 

i.i ? hcr p..,,,* the targeted enbcr lo th ;" ^.v ^ > 

lyase B (PolB) ur the phyi<.>hcmuuf.lutiniii ( J'MAj sjan'll nepiitio\ n tli^c s *-" L I ,, «-'')Ct».s encoding ih r pecrate 

ro »he cytoplasm b; .,„„u„,,. a >ig,u,l pcpli dc e.Liin S ^ iv ' :i n "' ^ were turned 
mainly in p,a„t, in u„i t:h ,„ . ,M.A s,«ua» ^ ,^ 2^^^ 1. "'" Th * 
usefulness or t hi>. peptide Mrcn.lWin^s e ' p s ^ m Th T"* d, ? mn »*» ra ' ,n fi ,,jr *■» the 

plan* wa> at le,s. ;,s »u t> h ;is i„ baccrial a i nl t ' m^' 0 " °' ** v '" ,he «*P«*«si» K 
P«*»Hy and did noi lonn m.ois. - " pkm,s ^ M-'vssmiu P?.}. specific scFv grew 



Introduction 

Complete muihodiv, ;,s uell ;,s , m ,lo-ch ;1 iM ,„,il„ H K 
laments f W Fv, in which ,hc variable ,|„ maiMS „, 
an.,ho,iy he.ny ;iIlr | i;.,,, diajl , : . iVm ^ 
joined father by , linker peptide , UVl , rcccn||v hcen 
cx P ress«l .n pl;,m, ,„ r .nl.ibiilo.i ol physioh.mc'ul pro- 
cmkcs F29|,,pth«e*ioblishmcmo|-viniN rcsisiiincf HI 
36 . nuniibtHly.pro,luiiH 1 ilJ|yn,ph»iyicsil,eiH, I nun' 
.flobuhn chains ..re v* W l , 0 lht; S ccr, ; ,ory pathway 
ior cwrcci ioldi„ A u,„l «s.«,„Wy hy a specific immiino 

N Ml -!^r^ ,d ' f '7 ,1Cm! " '' ,a,s "'•|'«»*••' , w »« inih.tK.MLll. 
'crvj l«*C«l-*p«..l,o wFv, ,nd Z7Hft« il'7.S.,,, l! ci.H 



PMMidos I,,, ,„hrr pn.toins in p|,„„ s h ., VL . | >ecn llS(f( , 
v|.:.hlc ,|,o prudu, ,ion ol\*M|,cr cnmplce r„ncii„nal- 
anninnlh^ :oi scl-v in plains 1 1 3. | () o , 5| T| 
expression of Tunciio,,:,! scKv wi.hou, a si^al l , C p lil , e 
»■ ihc C yinp| as , n „r pi,,,,, e.lls Ik.s aJso b, e „ acscribed 

In dccrminc .he inlluence „f signal peptides 

"? ivv , ww Utf "°" c " ici " n <* "•■•cu.nulwiun .site 
ol HN> VV specific scl-V in transformed Sicotiana 
hauhanuma. tin, scFv.cncoding s^ncnecs were 
l'"fccd ik- coding sequences t\-r either the plant S j K - 

fPHA) [b|. () r lor the bacterial signal peptide lor pec- 
u..e lyase 11 ,P t: ,B) [241. The latter has been reported 
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to have somo aciiviiy in higher plsmU \'M In ii.ldici.ui. 
cnnsirom lor cytoplasmic m Fv expression ! m ked ihe 
coding sequence (or a signal pepndc. A'. .hemUmm 
was chosen hcciiusci! isimih: icadiK transf i*rnn:i-I 
lh:*n Mijjar.hriM umJ can he inU-cied hy some isol;nes 
of BNYVV. The codine m- ( |uciu.ts lor ihe scKv u C re 
derived from iwo h\ hridonu. cell lines secretin'* mono 
clonal fuMihodies ouaIk, specific lor BNYVV coal 
proiein (cpjor ihc 25 kDa mm-Mrufliiral piolein <P25 ). 
re.<.|M«:iivel\.*nu..cp specihYmAh lonctc-O u-iihcpuopr 
4h which is exposal aloiu: the entire le.ii.Mlt ol the vii- 
us panicles |5 1. The P2> i, ,he major protein Jivnded 
on BNYVV R\' A 3 v, hn.h is rruiinlx icspon,,!^ In; 
(he yield ln;. S es ,,, K i lru . hc:iIi | i\ )rm;iI j on ( >| 1NL . n(H | 1M 
KNYVV-inlW-ied supa.-hcci | 21 . huncnonalK 
JictMcscFx were detected mainK in planis ti\Hjsi'ornvd 
with conMruciN coniuinin- the endiny sequence Mr t | V 
f*HA signal pcpiicu-. demonsn-:jiine foi the dm lime 
ihe usefulness of irm s i n a 1 pcpiidJ i,„ the cNpresMon 
oj scJ*v in plants. 



Materials anil melhuds 

Pmttnaittn of rrromhinttn/ // YMr ,/■■ A'.Vjrr 

The HNYW cp ocne was cloned mio the pl.T \ec- 
* »*-»r f.H) for c\prr»N>ion in ,,,// s „ ;i j n H!.j] rn: ^ 
fXoxa-enj. The imn.fWmod ivMc-iia were iw-d in 
SIJS I'AHF s iim pk [ M ilf, T j:;-: il!K i Ilu . |, mh . n * l3 Wm . 
*epar;»cd rn SDS I'AGR. The denamonl c P ^ dec 
irophorcti^lly cluicJ into diahxjs luhinL* in _\s mM 
Tris. 192 mM glycine. O-.02'.7 SDS at pH X.2 (mm 
excisret nd pieces |?o|. Recoo.hinijni histidine-tj'^d 
BNYVV P25 was produced in /.. c ( ///siiain HI .2 I -DM 
and purified on ...cans oI Ni NTA sillfniCx chmmato- 
gi'aphy|l9J. 



PUt primers Jot rhnhit: v. 7 y r/W//i. y u 



ifttint r\ 



Primers for iimplilicaiion nl UNA cnnulinc \ „ :ind ilu- 
•icavy-chain mnsumi doiiwin K ',, I i..MOCX;i2rwi 
•V - d(CTCAAlTTrCTT(JTCCACT: [ IXJCTOC- V- 
MOCCJKor. 5' diCl CO A/ 1 CTCTI (JATCNACTC 

AGT(.T).V;VHlB U ck..V. ( |(AGGT$N1ARn(K , Aa.S 
AGTCWCJC IkV; S •( • or CI: M=A or (.;" K A 
or C: W= A or Ti. I'nmers for Ih? ampli- 
I'c-aium of DNA encoding V, „ n .| ,hc „,„. 
siam domain (C,.): C'KFor. 5'-il(C K' \TR ( 1- 
Ciri-CSAAGCTCfTGAO.y; VK2»ack. 5».J ( GA< AT 



T(-A(,CT(.:An. CA(Tl CTr.CA)..r. Primers for don- 
>ng DNA, encoding V„ : V!1lFor2 LlAtwI V-d(AC 
( G( C AGAUGQ i( T 5CC( . AC( -TGA ACC( JCCTCC 
A( C. 1 GAGGAGACnrnG ACCOTGOTCC'f "TTGG 
( <• CO V: VHlBMkSlll. V-d ( CATc;CCATGACTC 

u G(j(-( eiAGrc^GCCATCGCCSAGGTSMARrT 

0(.A(,SAfncWGG)..V. Primers for.el.minc DNA 

wrcodinf V,.: JK2ForNot 1. 5'-d( G AGTCATTCTGC 

l'G(X(;rCCGTrrTATTTCCAG(mGGTGCC)-.V- 

yk2Kackl.iAsxl,y-d(GGTTc:AGATGGGC:GCGCC 

1 GGrfJGTnOCGGATC'GGAtOM'j'GACirTC'AC 
rCAGT(TCCA)-.V |4. 27. 7|. ^ meTS for elon . 

i"S «H DNA encodinp <c+V t-oiincciej io ihr 
K:,H or PHA S'^i'l peptides: p*IBBackBs»HI. S'- 
«l'(;A(;AriTCAT(::ATGAAATACG,..V: X'KForXbal 
■S'-dl TATGCTCTAGATTCA ACAGTCTATGC( StiQ 

PHARitckNrol. 5 ' -d( AT'C A G CCATGG CTTCCl * 
a 1 A AUITC- j "rCACTGTCCTCr/CCITGTGCTTr 
TCACCCACGCAAACTCAACJCAACGATSAGGTr 
C'AGC I GCAGS AGTCW'GG 



r/, ""'".t"/' 1 '// rt/zr/V/ encoding se, 



quencrx 



PftlyiAr RNA was isolated hv nicari^ of rhe Phar- 
miicia diRNA purilic.-iiion kit from murine mono- 
clonal hyhndoma cells sordini, eiiher BNYVV cp- 
ot l'25-spmfic mAhs. |- ir s t su ^ nd cDNA was 

r-TVZ mcans 0 ' M * MLV revcrse 'ranseripuse 

H. 'lxo.BRI.). DNA Irapmcms encoding .he variable 
regions ol (he heavy or il„.- light chains (V H or V L ; 
and pnm ol ihcir cons.ani domains » w obtained alier 

amplihcalion unnf. MOCGl2For or MOCGIFor 
an<l VHlBnck or CKFor and VK2B aC k a, primers 
Ihesc r'CR prorl,.tts served as icmplatcs lor ampli- 

I. vmg Ihc V„ and V,. scqu, n ce, in a Swond TC J i(m 
using the primer pair.. VHIFor21.iA«WHlBacksiiI 
«»r JK2]-orNotI/VK2K H ckl,iAscl, respectively. The 
simplified DNA frHpincnw wero cloned xequeniiullv 
miu ihe hacienal expression vector pCOCK [7| and the 
recombina,,. plasm.d* were used to transform £. cofi 
JMJ.I.-M J|5j. Thc nuc | co|jd( , scquencc5 . of sc p v . 

ciKod,„ t .. DNA Irngmcnis were determined by using 
■ ic TJN A -Sennenase. kil Version 2.0 ( United State, Bio 
chemical Corporation). 

Expression ofscF, /„ bacrrrio „„j analvsis oflMf 
funaumalhy bv , Wtmjt ofJar bh„ mul »-csh„, 
hloning analyses 

Induction of ihe lac promoter for sc)-v production wn< 
performed hy adding IFTG to a final conccmraiion of 
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I mM 10 transformed HUJI51 cells ••ruwn ;ii 37 : 'C 
lo an On,™ of 0.6-0.8 in 2 x YT medium \ M)\ sup- 
plemented with 0.OV7, glucose and 50 mp/l aiiipicillin. 
After the addition of IPTG die cultures were incubated 
ai 28 °t": for an additional 12 Id h. Bacteria weu: then 
centrifuged at 4500 x /; lor 15 min. iho supernatant* 
were freed from residual bacteria hy filtration through 
a Schleicher & Schiill IT' 030/3 membrane (purr? si/it 
0.2 /im) and were stored either at - 20 V. or I A X\ 
Pcriplnsniic extracts were propped according to Miii- 
ski etui. |25| with the following modifications: Cells 
from a 30 ml culture were resuspended in cold t-4 C} 
sphcroplaM buffer containing 0.5 M sucrose, O.05 mM 
EDTA. 0.2 M Tris pi I 8. ami 1.70 {t \ of a 10 itui/m! 
lysozyme solution as well as 1060 /.d of 0.5 x cold 
spheroplasi buffer were added, Alter incubation fur 
.JO miri on ice. the spheroplasts were* pelleted cent- 
rifugal ion a! I ?. 000 x y. und die ^upernnmm was ii.se d 
u.s pr.riplasiniL fraction. After western blotting scr-v 
were detected in bacterial fractions by means of ihi: 
c-myc peptide iMyc i:iu [#)) specific mAb 9F.IO :jrul 
nnti- mouse IgO alkaline phi i-iphuia^o-conju Killed rub 
bit antibodies, for delect in« ihe binding or' the sxF\ to 
their respective antigens, recombiniint BNYVV cp or 
P25 were immobilized on a membrane oilhei in wesi- 
ern blotting or a dot blot immunoassay. In the latter 
assay the aniigetK were dotted in several dilutions onto 
stripes of a Qiagen nylon membrane. After blocking 
their free protein-binding sites bv incubation in M) mM 
Tris. 150 mM NnCL 0.05' ; Tu.vn. 2' ;• skimmed milk 

powder at pH 7.5 for 30 mill, the stripe** were Uvuied 
for 1-2 h with lite respective scb'v preparations After 
washing with the same buffer without milk powder the 
bound scKv were detected by means of the m/\b <>E10 
as described above. 

Plant t-vftrrssion vrrtorx antt tlrwnion of 'fittt*:iiimnity 
active srh v in plant ?\ traits 

The codine regions for either the HNYVV cp- or 
the K?.5*specihe ut'v together with the Pelli vwnal 
pcpiide-encoding sequence wen: amplified from the 
respective pOOCK vector eonMiuci.\ bv means ol'POR 
using the primers pelHRaekRspHI and VKKorXbaJ. 
One aliijuot of each ON A sample ua.s digested wiih 
Ncol to remove the signal pepiide-encnding sequence 
(Fig. M. The other aliquot was treated wiih /(.r/.dll to 
produce DNA fragments which Mill contain ibe PoIR 
signal peplide-encodinp, sequence a d>ird type of seFv 
gene-containing DNA fragment which contained the 
coding sequence for the PI I A signal peptide of Plntx,* 



Ncto\ 



1 VH II VLlZD 
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fixure /. < icne (.onsniicis I or the impression ot'fhr UNYVV cp- and 
r*.".> —iweiiie v*:Fv in phm.-. The resptvuvr. sdv cnoixling coiwimcl.s 
were inirgrateil inio thc.l.'aMV XvS prommcr c,\prc^>Mm cftsscue.x 
of cither pKTMtt or pRT^I.V respectively. A 'md C. Consirucis 
cmouinc nit scl : v lo^cihrr Willi the Kr IB iPclR-sp) or PHA 0'HA- 
••P> Mgnul pcpiklrs for tanjeiiiiy (he s^Fv i 0 the :;cp«(ory pailiw;i>. 
R. Cimwiruet for ttv cxprcssitm of ihc acF^ in fKr. oytoplusm. V M 
;ind V, . linker. Myt: t:it; : DNA Ncquencos eiiaxlins 'hi: >iiri;ibk 
rretdns of .iiiuhtxlv h\w\ anil 1U;1h chains, thu linker pepride ;mJ the 
M>v. ma marker peptnlr. rc>pcclhriy; ,Vrol: dttivnp.ft vile tor M:n\; 
prl-prV iniiiiiiion siu-.v of Pt.'R pOmrr; rprl - PcimJnekR.spH 1: 
V KK"rXh:il: pr.1 . I'HAR.-u-L-McoIj. 



nftt.s vulgaris |0| was amplified from the respective 
pCOCK vecior constructs by using the primers PHA 
BuekNcol and \'KForXb;il. Thc>c IDNA samples were 
iir<u diLicsicd wall A<c>I. All ihrcc lypc.N of DMA frag- 
ments for each of die iwo .set v were then digested 
wiih Xhul :wid iniecruted between the Ntul and Xbai 
rcsirietion sites of either pRI'1 03 134| or pRT213 f a 
pRT 1 03 -derived vceLor with an enhanced CaMV 355 
promoter 1J8J t im1 the I'Meader region of TMV [l I J, 
The various types of vector constructs were used to 
transform/', coti strains DH5« 1 12) and IIU2 15 1 fl5|. 
1 he iniacMrvs of diif* ncPx* eneodmu. >;e<] nonces connce- 
ted cither to the bacterial PclH or the plant PHA sig- 
nal peptidtt-encodiu^ sequences was tested ufier trnhs- 
torminu £. ,. ( ;// HBJ 151 with the respective pRT vec- 
mrs. Ibe weak uciiviiy oMhc 3.:S promnier in L. cod 
\2] allowed a low level of *cFv expression. The PelB 
and Or* PHa uignul p^piidcs mccli.<ued die sel-'v mins- 
pori into the periplasmic space. The expression ea.\r 
seilex from the pftT vectors were Oien inlc^rnied into 
(he binary veeioi pl.\:22 \2:)\.Af;tv0actcrium lumefa- 
rivns LBA1 104 KiP I N | was transformed as desci ibed 
1 1 1 and used for transforming N. henthamianu by a 
modified le:d'di:ik method \\b\. 
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iixiracts from ihe K'gciicrntfcd kanam>cin-tolcranl 
plants were obtained In grinding 0.02 2 g of leaves 
with twice ihc amount of 50 mM Tris, 0,15 M 
NonicliM I MO. p,.h vim Ipyrolltdonc. 
0.00 1 (.'hymostiitm. 0 O.SS IVfahloc I Binrhi inj^cr) 
pi I 7.5. These extracts were tested lot ncinmt inc phos 
phot kink (erase In mc:itls i if HL1SA (-5l*i inic- ..- .-Pnnic. 
Inc.) and their protein content was detri mined In 
means of the lite Pierce IWA protein aw.o roayent 
Tor checkim* the I niK iif nuilit> of the s. l \ in phmi 

<?MJ*aCls. 7() ng ol lYTonibiiKitil cp or ?f.lf * nil of OHMMii 

hinam P25 in a volum..- oi 0.7 /d each w - t ., dotted <hih; 
sivial! Qiagen n\ ton membrane disks of 5 mm di.unei- 
er. These disks weic treated m the same wa\ it > the 
merit bra no stripes described above with the difference 
lhai all incubations: were pei formed in the wells a 
| microliter plate. 

Ill order m obtain a tough estimate of the J \ con 
cctiiralinn in plants, the color mieiiMties obtniiKd for 
plain extracts in ihe dot blot immuno:issa\ w iih immob- 
ilized aitlij-'ens were compared with \bn-^ villained 
with \aiHMIs dilution- o| ; ( denatured m.'F» piep.ir:. 

lion from bacteria which were dotted direct h onto the 
membrane l itis pi epant I inn had been obtained idler 
elution of the sel \ band fi '(Mil an SDS- pof\ acrvlamidc 
gel. lis proiein content luid been determined b> means 

of ihe PitTCe lU.'A proiein ;rv;;o reaeeni 

Establishment of \n\;nn.sion minors 

Calli Were obtained from n.-ms^citit phim* W incub 
aline sterile leaf piece* lot several weeks on >o| 
id MS medium supplemented with 200 me/I Gufoi- 
an. 50 mg/l kanannem sulfate and 0.44 me/I 2.-1 
diehlorophcnovyacetic a; id <?.4 Dj. Loose callus 
sue w as transferred inn. liquid MS medium supplemen 
ted w ith 1 00 me/I fhiforan. 25 nnVI kanann cin sulfate 
and 0 4<J m*>/l 2. 4-1) ami was incubated foi 2-20 days 
on a rotary shaker at 25 C. After settling for ca. 10 min 
a .smaller fraction with the plant cells and a hn-gei 
fraction consisting of lite iMiluire medium were read 
ily separated. Each fiaciion was mixed with an equal 
volume of 50 mM Tris. 0.15 M WJI. 0.25C; Nonidet 
P40. I.3<7< polyvmylpx rollitlone. 0.001';; Cbvmosial 
in. 0.05'// Pefabloc t Hoehringou pH 7.5. The culture 
supernatant devoid of cells was concentrated In ultra- 
hhration to gov the same volume as Ihe cell (rac- 
oon. The coll fraeiinn was homogenized and an ah 
quot of this homogenate was ccmrifu^ed lor 5 min at 
13 000 x0. 
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Results 

i 

f:\prcssi, > n of/SNYVVcp- ami PH-xpwjfic scPv in 

F. coli 

Ahhnugh starling with two m A l>- secreting hybridoma 
cell lines each lor BNYVV cp or fur BNYVV P25. 
m-Jm that tcaeird were obtaned only with one cell 
hue for each of the two proteins. Kven with these two 
cell hues duly a few of the p("X>CK-dcrivcd clones 
^hich \M-rr obtained with die respective V ir and V L - 
e»u ...dine DNA iVaeuienls enabled the expression of 
iui)Uioiiall> acu\ e scJ : \ of the expeciecl si/c in L. coli 
Mr;dn 1 1112 1 5 1 ( Fi^. 2A). I he cp-spccific seFv reached 
the highest concctittatiun in the cukure supematants of 
the haetciial cultures. wJierciw the P25-speeifie schv 
vveri! found prrdominamly in the periplasmic fracr.ion 
of the bacteria. 

The coding sequences tor the cp- and the P25- 
spccilie sel\ consisted of 783 and 795 nucleotides, 
rrvpccii\r-iy unclndiiig the coding sequence lor (he 
M>cuie peptide, but without ihe coding sequence 
foi the PelB .sijciial peptide). The calculated molecu- 
lar maNsrs of 28.0 and 2S.4 kl>a for fche translation 
pt c»duet> asrei;tl well with those determined for the two 
scPv bx means of SDS-PAGE and western bloniitg, i.e. 
29 and 30 kDa. rcspccLively (Pig. 2A). According i.o the 
classification of Kubat e/ ui 1 1 8] the cinling sequences 
of ihc cp- specific V H and V L regions belong tu sub- 
^roups 10(C) and 1. whereas those of Ihr P25-.spccific 
\ n and V, regions belong to groups H('H) and HI, 
respectively. 

In the dot blot immunoassay the two schv detected 
their immobilized homologous antigens with ulmosi 
die Mime sr.nsiiiviiy as the original mAb from which 
ihc> were derived, U. 0.4 ng cp (Fig. 2D, lane a) and 
0.8 mm PJ5 (data not shown). None of the rwo scFv 
cross-rciteteil with crude plant sap or oiher amigens 
in this type 0 f test. In E1JSA on phues precoaicd with 
pol\ clonal antibodies the cp specific scFv also allowed 
the highly sensitive and specilic detection of BNYVV 
panicles: the F25-spectrie scFv, on the other hand, 
showed also some reactivity with sap from healthy 
plants. 

i:\prv.\sitm ufliNYVV cp- ami P *25- specific xct'v in 
N. K-mhaniiana 

Three different types of sd-V encoding DNA frag- 
ments were generated from the reactive pCOCK 
constructs by means of PCK using specific primer sets 
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S\:.\ 118 0.4 yi |.6 o.K 0.4 0.2 0.1 |n X cpl 



.66 kl>- 

45 kl) - 
3d k!) - 

29 kD- 
20 kD - 



K-/»v:. A. IViiV|,»„...| ilk* e P ;m,l the KJV^viik ><I w|jih-s I ..n.l \ tC^tiurU } ^vsmM in t. ,■„// i„ wvston, hlo.s h* of 
ihc.M>w .iuhUt pcp.iik' s|sviCK- mAh'>m(i .uKi;ilk..Jjnc phosphate l;.lvlM r;,bhii ; lllU ' uioum: ;) ,i1iI.ukIics. R Ucwciiu., .,| UNYV\ , n lt 
x:,n.HK J,lu„o.is .„ Jot hl.it i.m».,H.,.^.r> s„ i:) ll nK'tubr.mc Ji,L>. h\ .-v..::.... ,,) cp ,,w:Ik; mI, from an .n..lih.t...l ,uhur v . ....vrruaun. 
iriMM inns torn W\l / . (hi cp-ptviuc *cK\ in an rxiraet from :i i>l;mt liiwMornvJ uiih onMr-,,:, ^i.ui..m, s .he cuWin,. ^.kv .;„■ u,< 
s,ani " P°P lldc C"l»"^ :ci Ihn hvhrnlmuu culture -iiporn.nnni ■^■...Mi,,.- t ep .poetic ,.,.M» f ro ,i, 'which ih.< v w^c Jm.v -.1 
fdiluiit-ii ) ?!>■». ! ho |,ik-> itii ihr flUkf. ;iK- luhrls mark-ins llv iinli'joi eiMiiamm;; sin* Uic ilUfcs .lurnif cAiwritnrnuil P'^v.lnrc 




tFi». It Thcj either kicked a coding sequence for a 
signal peptide or they contained the coding sequences 
tor The PelB <ignal peptide from bacteria [24 | or die 
IHIA signal peptide from plants |6| F.\ predion cas- 
seite> fVu icf : v production in plants vwir obtained after 
the integration of these fragments Ivivu.vn the CaMV 
'VvS promoter and iheCu.MV o5S polyadenv kuion sig- 
nal ol pRTIO.* or between ihc enhanced e.vS promoter 
with rhe tobacco mosaic virus <>- leader region and 
the CaMV 35 S polyudcm kit ion ojmal of pRT2 L> isec 
Materials and methods) 

RMYVY cp- and P?5 spec die srl\ were detected 
mainU in plants which had been irurtMonued v\ iih » on- 
srruei> containing the codim; m-ijiihuv pti,\ 
nul peptide i Tabic ! ). A vei> weak expression doss 
than 0.00 T-f ofioial protein ) ol' fuuciionailv nctt\eq>- 
specitie h I V was also recorded in three plants which 
had been transformed with constructs containing, die 
coding sequence for rho PelB .signal prpiidc. No I'unc 
rionalK active scFv were found in plant*, transformed 
widi constructs kicking the codine srquenee for a m.u- 
nnl peptide. 

Most of the plants ^pressing die c|»- specilk -,cl : \ 
showed a nn>ro ot less normal jiiowih. howevei. tltr 
ihtve plants which e\ptv>scd ihc specific >cr ; \ 
ltcw only poorly and mini 1 nf them fu tmnl roois 
The 2^» nr»n-i«\ pressing plants Nhnweda nui inal pheim 
type. No plants at all were numerated from leai'disks 
l lira ted with A. lumtfaaens containing (he cxpresMon 
constructs for the K!5-spccilie scf-\ *iih the coding 
sequence lor the PelH signal peptide, tlrspite the fact 
that twice* ;k many leaf disks were used for trau>form- 
ation than with the other construct* (Table I >. 



The concentration of the cp-spccilie sckV in rhe 
lour well ^pressing plants was cstimar^d to amount u» 
about O.tMP-f'i 0\'y t 0 r i he total protein tTubie 1 ) and 
was ai leusi as hich as in die suj>vu nalitnts of the L. coti 
cultuivs dtfserihed in the previous action. As iinle as 
M. I ih: RNVVV i:p were n:adil> delected with extract's 
from <ueh pkjno; ( I -i-. 2R. lane b). AI'k-i ' selling of 
plants shov^ing the liti'li^si sol ^ produciion. plunt.s of 
the 1-2 jjeneraiiim were selected with a-i scFv comcitl 
t»l* roughly 0.05 0. I ufih^ total protein. 

Coll su.spenvaDn eulturc.s were obtained from s^vci- 
al plants transformed v\ iih c»^nsirucis for the expression 
ol fp-speciric scF\ with or without a coding sequence 
lor :i M'j:nal i-vptidvv No I'unelioiiallv .-iv ^Y : \ were 
delected in an> of the euliure lluid.s 4,N aouis alici ihc 
iransii'i- of suspension cultures lo i'tvsh medium: hinc- 
lmiialk active scPv were detected, however, in the 
Mipirtualaiuv u f cell hoMioyvnaics ul suspcnsJon cul- 
iiuvs dcri\ed fnnn well cspres.^ing plums in which the 
I'll A signal peptide had keen used for targeting. V C i\ 
•wnall amounts iwe.-ikeM |.u»idve sienal in the dot blot 
tmmuuoMwsay) of fnnetionully aet^c m:Vv were also 
deiei.-ted in the culiuti: fluids ol suspension cultures 2 
lo • weeks old derived from plant:, in which a si-nal 
peptide-eneodmg sequence was omitted from the vec- 
tor conslmets in order to enable a e)Mpki.Miiic .scl v 
expression, 



Discussion 

We have demonstrated that sckv .specific for BNY VV 
cp or 25K noM-sirueuiral protein can he*- expressed in 
haeieria as well as in N. benthamkma. The highest 
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Tuhlr ). iVlccttnn »*«f ihr capronMiin nl - UNYVV if. :uu! r.';*-..ptvilir vc | v n) ( v,V 7 

CilflMrUCIh. 



ratnitui binthuniuinti inuixl'tt) met] with various pctu: 



.Simriiu-ity Codin r Msjucnee Numliri «.i I. ;,: a,>k r . T,»i;,| numhri 0 f Numhci of ,t»;, m .s whh 



HNVW cp 



viu-mr ((»)■ .'.i)'n;tl [vpiiUt- ltciu-tl with 





in ilv i-^prtvsioit 


i urns Ion in* J 






Aftrobut return 






r»0 


J f ? 






I' O 


1) .1 Lf 
IVIh 


6'i 




IV IB 


<>n 




i'HA 




? ■ < 


PHA 










:p 


rn»m- 




i<>.« 


IVIL3 




rn 


IVIH 


CO 


n>;< 


PliA 




: i * 


I'll A 


*n 






-.(int..; : : i. ,i: 



HMM.im pbnis sirring* >cFv medium* or low * nt> dfiteciabie 
ri*f rurriiicd production, m:F\ procluriion «T-v production + 

I" nrtm- 

liOlK* 

; none 
v. 

rw t|»0 

I " J 

'»»hk* nunc 
rmrif n ,-), Uf 



IIOhi; 


■V> 


nom- 








HOIH" 




7 




7 


1 ■» 


rtouc 


none 


none 


13 


IH till' 


none 


none 


none 


none 


20 


I'll MK* 


f» 



: 1- .^mu 'Miro (J.ni'v i., mc phmK \wih .1 mmm^ ,scl ; \ production" ;md lo 
'■ i"ijinltii ( ior.' . 



1 !h;i: iht-M- plants were 1 run* funned. 



detectable amounis ot scFv wpre found in phmi - when 
the scFv were lare^u-d lo the sri.-ictory pathway In 
mean<* of the: HIA signal peptide. Ik usefulness I'tir 
exprcssm*' scl \ in pkmts wiivdomonMiaiedhcn/ fWihe 
first lime. Qui experiments w ith suspension culture*, 
indicated that the rp spcciliv* scf-V w etc Yel.iine.l in 
ihe COlLs (presumably the endoplasmic iciiculum 
rather than excreted. This U in coiiujm 10 obsen aiions 
of Hum fit ni [I7J who found thai ihe PHA .signal 
peptide directed the secieiion of pea seed albumin inm 
iht CUllUie Htiid. Whether ;j protein \<, icLiiruid in w pkml 

cell may depend on the signal peptide and porhap.v 
on the protein be irir^Mcd or the plain' species. A 
sccrciion ofeompleir antibodies from plant cells was 
Observed when the immmioplobulin signal peptide was 

used for largeiin" | ^fS. ;t.sj. If ilw HNW'V CJV . S 

pceif it" 

scFx 1 , which piesuruably has aceumulatcd in die PR, 
will interfere with the aeii\ ities of the virus in in levied 
plants is yd to Ik* dcicrmiiutd. 

Various scF\ laekino a signal peptide appaivml> 
also dill er in their suitability lor i.ytopiaMnit. expul- 
sion. Tnvladoraki r/ al. \\\\ observed a f\inpl:.<mie 
expression with seFv spri:ili< for artiehnke mottled 
crinkle vims (AMOVi ih.u lacked a signal peptide, 
wlierciis \\v failed to do so with scKv specific for 



MNYVV C p and We cannot exclude the possibility 
thai some of our plants actually produced seFv thai in 
comraxi to the AMC'V-speeific .scFv wcic highly sensit- 
ive 10 proteolytic digcsiiun orfne reducing environment 
in the cyiypla.sm. Very low amounts of functionally 
active ,sd : x were detected in culture supernatams of 
supension cultures lium plants in which ihe schv had 
been wecicd to the cytoplasm hy omitting a signal pep- 
tide encoding 11 scqnrnce from die vector constructs. 
These scFv possibly had correcily folded immediately 
aftei cell lysis in the less reducin- environment of the 
culiuir fluid. In approaches aimed lo induce virus res- 
istance, in plants a cytoplasmic scFv expression may be 
especially desirable, because ii. would enable an intcr- 
jction betwr.cn the mT v \ and the targeted viral proteins 
m ihe compartment where the latter arc produced. 

scFv are not only imeirMint; as potential inhibitors 
of virus multiplication in plains, but also as poten- 
tial diapno.Mie reagents foi detecting virus infections. 
When die i\r.iiotic information for the sehv is obtained 
from large, combinatorial libarics 1 26] the use of anim- 
als as producers of antibodies may eventually become 
unnecessary. Our results show that BNYVV-spccific 
scFv can be produced us eflicienil) in plants as. in bac- 
teria. 
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